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A B S T R A C T
Purpose: The association between pre-surgical psychiatric disorders (PDs) and worse seizure outcome in
patients with refractory epilepsy submitted to surgery has been increasingly recognized in the literature.
The present study aimed to verify the impact of pre- and post-surgical PD on seizure outcome in a series
of patients with refractory temporal lobe epilepsy and mesial temporal sclerosis (TLE–MTS).
Method: Data from 115 TLE–MTS patients (65 females; 56.5%) who underwent cortico-amygdalohip-
pocampectomy (CAH) were analyzed. Pre- and post-surgical psychiatric evaluations were performed
using DSM-IV and ILAE criteria. The outcome subcategory Engel IA was considered as corresponding to a
favorable prognosis. A multivariate logistic regression model was applied to identify possible risk factors
associated with a worse seizure outcome.
Results: Pre-surgical PDs, particularly major depressive disorder (MDD), anxiety and psychotic
disorders, were common, being found in 47 patients (40.8%). Fifty-six patients (48.7%) were classiﬁed
as having achieved an Engel IA one year after CAH. According to the logistic regression model, the
presence of pre-surgical MDD (OR = 5.23; p = 0.003) appeared as the most important risk factor
associated with a non-favorable seizure outcome.
Conclusion: Although epilepsy surgery may be the best treatment option for patients with refractory
TLE–MTS, our ﬁndings emphasize the importance of performing a detailed psychiatric examination as
part of the pre-surgical evaluation protocol.
 2012 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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Seizure
jou r nal h o mep age: w ww.els evier . co m/lo c ate /ys eiz1. Introduction
Epilepsy surgery has become an important treatment option for
patients with refractory temporal lobe epilepsy (TLE), and 30–40%
of patients with TLE are surgical candidates. Current evidence
suggests that epilepsy surgery is associated with a 60–70%
remission rate for long-term epileptic symptoms and signiﬁcant
improvements in quality of life (QOL).1,2 Data from previous
studies have demonstrated that cortico-amygdalohippocampect-
omy (CAH) is a safe, efﬁcient surgical procedure for patients with
refractory TLE and mesial temporal sclerosis (TLE–MTS), one of the
commonest types of surgically remediable epileptic syndromes.* Corresponding author at: Gerardo Maria de Araujo Filho Rua Botucatu, 740 –
Vila Clementino, CEP: 04023-900, Sa˜o Paulo, SP, Brazil. Tel.: +55 1155391792;
fax: +55 11 5549 3819.
E-mail address: ﬁlho.gerardo@gmail.com (G.M. de Arau´jo Filho).
1 GMAF and FLG contributed equally to this work.
1059-1311/$ – see front matter  2012 British Epilepsy Association. Published by Else
http://dx.doi.org/10.1016/j.seizure.2012.07.002TLE–MTS compromises the primary structures of the limbic
system, particularly the hippocampus and amygdala.3–7
Previous research has demonstrated a prevalence rate of
psychiatric comorbidity of 20–40% in TLE–MTS patients, rising
to 70% in patients with refractory forms of this seizure disorder.8–13
Mood disorders are the most common (24–74%), followed by
anxiety (10–25%), psychotic disorders (2–9%) and personality
disorders (1–2%).6–11 Given the high prevalence of pre-surgical PDs
in this population, the psychiatric outcomes of such patients after
epilepsy surgery have attracted the particular interest of research-
ers.6,7 Moreover, the association between pre-surgical PDs and a
worse post-surgical seizure outcome in patients has been
increasingly recognized.14–17
A number of risk factors for a poor post-surgical seizure
outcome have been recognized. These include a lifetime psychiat-
ric history, a history of secondarily tonic–clonic seizures, a long
duration of the seizure disorder, larger resections of mesial
temporal structures and the presence of neuropathologic abnor-
malities.14–17 However, there are a number of methodologicalvier Ltd. All rights reserved.
Table 1
Engel’s classiﬁcation of post-surgical outcome.
Class I: Free of disabling seizuresa
A. Completely seizure-free since surgery
B. Nondisabling simple partial seizures only since surgery
C. Some disabling seizures after surgery, but free of disabling seizures
for at least two years
D. Generalized convulsions with AED* discontinuation only
Class II: Rare disabling seizures (‘‘almost seizure-free’’)
A. Initially free of disabling seizures but has rare seizures now
B. Rare disabling seizures since surgery
C. More than rare disabling seizures since surgery, but rare seizures
for the last two years
D. Nocturnal seizures only
Class III: Worthwhile improvementb
A. Worthwhile seizure reduction
B. Prolonged seizure-free intervals amounting to greater than half
the follow-up period, but not <2 years
Class IV: No worthwhile improvement
A. Signiﬁcant seizure reduction
B. No appreciable change
C. Seizures worse
a Excludes early post-surgical seizures (ﬁrst few weeks).
b determination of ‘‘worthwhile improvement’’ requires quantitative analysis of
additional data, such as the percent seizure reduction, cognitive function and
quality of life.
* AED: antiepileptic drugs.
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epilepsy have been analyzed together, patients submitted to
different surgical procedures were analyzed together, different
pre- and post-surgical psychiatric evaluations have been used, the
psychiatric assessments were solely based on dimensional
instruments, analyses have only included a limited number of
clinical and sociodemographic variables and studies have included
different follow-up periods after surgery.18 These methodological
problems have limited our understanding of the risk of surgical
procedures with respect to post-surgical PD so far.18 The present
study aimed to verify the risk of pre- and post-surgical PD and
other clinical and sociodemographic characteristics in predispos-
ing individuals to a worse seizure outcome one year after surgery
in a homogeneous series of patients with refractory TLE–MTS who
were submitted to CAH.
2. Methods
2.1. Subjects
All TLE–MTS patients were followed in the outpatient clinic of a
tertiary center (Epilepsy Section of the Universidade Federal de Sa˜o
Paulo, Brazil) from January 2003 to December 2011 and underwent
video-electroencephalographic (VEEG) monitoring and a psychi-
atric evaluation. Inclusion criteria were patients who were above
18 years old, had an electroclinical diagnosis of TLE based on ILAE
criteria,19 had been submitted to CAH and had been subjected to
follow-up for one year. All participants presented clear MRI
ﬁndings of unilateral MTS and concordant interictal and ictal
electroencephalographic (EEG) data. Exclusion criteria were the
presence of other clinical or neurological diseases besides epilepsy,
cognitive impairments precluding evaluations, bilateral MTS and/
or age younger than 18 years old. All patients gave written
informed consent to review their medical records.
Data from 115 TLE–MTS patients (65 females; 56.5%) were
included in the study. The mean patient age, mean duration of
epilepsy and mean age at epilepsy onset were 36.9  10.77,
27.1  12.14 and 9.5  8.1 years, respectively. MTS occurred more
frequently on the left side (75 patients; 65.2%). Background
asymmetry on pre-surgical EEG was observed in 31 patients
(26.9%) and was due to a slowing of the affected temporal regions
(19 patients; 61.3%), a slowing of the affected cerebral hemispheres (9
patients; 29.0%) or to absence of physiological alpha and/or beta
rhythms in the affected cerebral hemispheres (3 patients; 9.7%).
Twenty-nine patients (25.2%) had a history of a potentially causative
brain injury, with febrile seizures being the most frequent (25 cases;
86.2%). All patients had used at least two or more antiepileptic drugs
(AEDs) prior to surgery. carbamazepine (CBZ) was the most
frequently used AED, prescribed to 75 patients (65.3%), followed
by phenytoin (PHT) (49 patients; 42.6%), phenobarbital (PB) (34;
29.5%), topiramate (TPM) (24; 21.2%) and oxcarbazepine (OXC) (12;
10.4%). Benzodiazepines (BZDs), particularly clobazam (CLB), were
the most common adjunctive drugs and were prescribed to 49
patients (42.6%).
2.2. Procedures
Patients underwent 2–6 days of continuous VEEG monitoring
with 32-channel EEG recording, with electrodes, including
sphenoidal electrodes, placed according to the 10–10 system on
the temporal lobe. MTS was determined to be present if atrophy, an
increased T2-weighted signal, a decreased T1-weighted signal and
a disrupted internal structure of the hippocampus were present,
accompanied by atrophy of the amygdala and/or temporal pole
signal alteration on visual inspection of the MRI pictures. The
epileptogenic zone was determined by predominantly ipsilateralinterictal epileptiform discharges (80% cutoff) and seizure onset
recorded during prolonged VEEG monitoring. The association
between MTS side and the frequency of interictal sharp waves on
pre-surgical EEG was also analyzed, and a cutoff of >80% was
considered for predominantly ipsilateral activity. Asymmetric
background activity was deﬁned by the presence of slowing or
absence of physiological alpha and/or beta rhythms in the affected
temporal lobes or cerebral hemispheres of background activity on
pre-surgical EEG. Refractoriness to medical treatment was
considered present if seizures persisted after the utilization of at
least two ﬁrst-line medications for partial seizures at the highest
tolerated doses for at least 6 months. The potentially causative
brain injuries were deﬁned as the occurrence of severe cerebral
events in the ﬁrst year of life before the appearance of epilepsy that
required medical intervention and/or hospitalization. Febrile
seizures, meningoencephalitis, head trauma or severe perinatal
hypoxia were considered potentially causes of brain injury.
The surgical procedure consisted of an en bloc resection of the
superior, middle, inferior temporal and fusiform gyri, with a
posterior limit of 4.5 cm from the tip of the temporal lobe. After
opening the temporal horn, the mesial temporal structures
(hippocampus, amygdala and parahippocampal gyrus) were also
resected.3–5 Engel’s classiﬁcation was utilized to measure the
patients’ seizure outcomes one year after CAH. Only the
subcategory Engel IA (completely seizure-free) was deﬁned as a
favorable prognosis.20 All of the Engel subcategories are described
in Table 1.
2.3. Psychiatric evaluation
A single psychiatrist (GMAF) conducted the clinical interviews
for this study using the Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV) Axis I criteria.21 Because each patient could
have more than one Axis I psychiatric diagnosis, the number of
patients diagnosed and all comorbid PDs diagnosed were both
considered in the analysis. The presence of other speciﬁc
psychiatric diagnoses commonly associated with epilepsy, not
covered by the DSM-IV but well-described in the literature, such as
interictal dysphoric disorder (IDD) and the psychoses of epilepsy,
were evaluated using the ILAE criteria. These criteria were also
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psychosis (IIP).22 Data concerning the lifetime history of psychiat-
ric treatment, deﬁned as any past treatment with psychiatric
drugs, were collected from patients during the ﬁrst clinical
interview. Information about family history of epilepsy and PD
was also obtained from patients through broad questions
regarding whether any ﬁrst-degree relative was in treatment for
epilepsy and/or any PD at the moment of the clinical interview. All
patients were submitted to a pre-surgical and at least one post-
surgical psychiatric evaluation within the ﬁrst year after surgery,
and the latest psychiatric evaluations within the ﬁrst year after
surgery were considered to evaluate the possible remission of
psychiatric symptoms after surgery. Due to ethical issues, all
patients with pre-surgical, post-surgical and/or de novo PD
received psychiatric follow-up after surgery.
2.4. Statistics
Statistical analyses were performed using version 10.0 of the
Statistical Package for Social Sciences software (SPSS 10.0, Chicago,
Illinois). Patients were divided into two groups, namely those with
or without a favorable post-surgical outcome one year after
surgery. Bivariate statistical analyses were performed using the
most appropriate statistical test (chi-square (x2, Fisher’s exact or
Student’s t test for unequal variances). A multivariate analysis was
performed using a logistic regression model to identify possible
clinical and socio-demographic predictors of post-surgical PD. To
prevent multicollinearity, a previous procedure for the analysis of
the variable correlation matrix was followed in which the variable
with the lower correlation value was not utilized in the initial
model in the case where the correlation of two variables was
higher than 0.6. After this previous analysis, the variables included
in the initial model were gender, age, presence and type of
potentially causes of brain injury, lifetime history of psychiatric
treatment, presence of pre-surgical PD, family history of epilepsy
and PD, epilepsy duration, age at epilepsy onset, number and types
of AED, laterality of MTS, pre-surgical EEG data and the presence of
a favorable seizure outcome (Engel IA). The variable ‘‘pre-surgical
PD’’ presented the higher variance inﬂation factor (VIF) (2.81),
demonstrating an adequate adjustment of the initial model. The
odds ratio (OR) was calculated for signiﬁcant risk factors. A p value
<0.05 was considered signiﬁcant.Fig. 1. Number and types of pre-surgical psychiatric diagnoses in patients with temp
lobectomy.3. Results
Pre-surgical PDs were diagnosed in 47 patients (40.8%). Major
depressive disorder (MDD), which represented all of the diagnoses
of depression in the present series, was the most common PD and
was diagnosed in 27 patients (23.4%). Eleven patients (9.5%)
presented with anxiety disorders; among them, nine patients had
generalized anxiety disorder (GAD), and two patients had social
phobia. Psychotic disorders were observed in seven patients
(6.0%): PIP in four patients (3.4%) and IIP in three patients (2.6%).
Four patients fulﬁlled the criteria for two Axis I disorders. Post-
surgical PDs were observed in 31 patients (26.9%). Again, MDD was
the most common PD and was diagnosed in 14 patients (12.1%).
Ten patients (8.6%) presented with generalized anxiety disorder
(GAD), and IIP was diagnosed in eight patients (6.9%). Two patients
fulﬁlled the criteria for two Axis I disorders. Twenty-seven
patients, who represented 54% of the patients with pre-surgical
PD, reported a complete remission of psychiatric symptoms after
surgery. Symptom remission occurred among patients with IDD
(100%), PIP (100%), MDD (59.2%) and anxiety disorders (36.3%).
However, 11 patients (9.6%) developed de novo PD after surgery.
Five patients presented with psychosis (45.4%), three patients with
MDD (27.3%) and three patients with GAD (27.3%). Fluoxetine was
the most commonly prescribed antidepressant drug prior to
epilepsy surgery (prescribed to 41 patients), followed by sertraline
(17). Risperidone was the most commonly used antipsychotic drug
(6 patients), followed by haloperidol (4 patients) and olanzapine (2
patients). Psychiatric drugs were discontinued in all patients who
had experienced complete remission of symptoms one year after
surgery. Fifty-six patients (48.7%) were classiﬁed as Engel IA one
year after surgery, whereas there were 27 (23.4%) Engel IB/IC/ID, 21
(18.2%) Engel II, 9 (7.9%) Engel III, and 2 (1.8%) Engel IV patients.
Pre-surgical PD occurred in 47 patients (40.8%), whereas post-
surgical PD occurred in 31 patients (26.9%). The number and types
of pre-surgical PD observed in both groups (Engel IA versus non-
Engel IA) are described in Fig. 1.
Statistical analyses regarding the differences in clinical and
sociodemographic characteristics between groups were per-
formed. The group with a non-favorable seizure outcome
presented a higher incidence of pre-surgical PD (p = 0.002) and
pre-surgical MDD (p = 0.001), as well as more asymmetric
background activity on EEG (p = 0.003). No differences were foundoral lobe epilepsy and mesial temporal sclerosis submitted to anterior temporal
Table 3
Logistic regression results of the ﬁnal adjusted model.
Risk factors Odds ratio p > z
Family history of PDs 2.36 0.12
Presence of febrile seizures 4.21 0.07
Lifetime psychiatric treatment 1.62 0.23
Pre-surgical PDs (except depression) 1.56 0.38
Post-surgical PDs 1.67 0.32
Pre-surgical MDD 5.23 0.003*
Asymmetric background EEG activity 3.81 0.001*
MDD: major depressive disorder; PDs: psychiatric disorders; EEG: video-
electroencephalogram.
* p < 0.05.
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other clinical or sociodemographic variables. The clinical and
demographic data of both groups are summarized in Table 2.
In a multivariate logistic regression model (sensitivity: 76.5%;
speciﬁcity: 69.6%; positive predictive value: 71.2%; negative
predictive value: 66.5%; area under the curve 0.724), the presence
of any pre-surgical PD was associated with a higher risk for a worse
outcome (OR = 3.49; p = 0.002) in the initial model. However, when
psychiatric diagnoses were analyzed separately, only the diagnosis
of MDD persisted as statistically signiﬁcant (OR = 5.23; p = 0.003),
whereas the other PDs combined (except MDD) were not
signiﬁcant (OR = 1.57; p = 0.42). The presence of asymmetric
activity on pre-surgical EEG also appeared as a risk factor
(OR = 3.81; p = 0.001). The presence of post-surgical PD was not
associated with a worse seizure outcome (OR = 1.67; p = 0.32).
Table 3 shows the results of the ﬁnal adjusted model.
4. Discussion
The aim of this study was to verify the risk of pre- and post-
surgical PD and other clinical and sociodemographic factors in
predisposing individuals to a worse seizure outcome one year after
surgery. We examined a homogeneous series of patients with a
speciﬁc and common epilepsy syndrome (TLE–MTS) who were all
submitted to the same surgical procedure (CAH) and followed-up
one year after surgery. Pre- and post-surgical psychiatric evalua-
tions used the same diagnostic criteria based on the modern
psychiatric nosography.21,22 According to the present ﬁndings, the
pre-surgical diagnosis of MDD and the presence of background EEG
asymmetry appeared as risk factors associated with a non-
favorable seizure outcome.
In recent years, surgery has become a very important treatment
option for patients with refractory TLE–MTS, and CAH has been
shown to be a safe and efﬁcient surgical procedure.1–5 However,
given this elevated prevalence of pre-surgical PD, some authors
have highlighted the relatively high risk of post-surgical PD in
patients submitted to epilepsy surgery, whereas other authors do
not share this concern.18,23–26 In addition, recent studies have
shown a correlation between the risk of a worse post-surgical
seizure outcome and some pre-surgical clinical and sociodemo-
graphic characteristics.14–18 Previous studies have reported that
pre-surgical PD, as well as a lifetime history of depression, predicts
a worse post-surgical seizure outcome among patients with
refractory TLE. The most important hypothesis explains this
observation by positing that pre-surgical PD, and particularly
MDD, may be a marker of more diffuse cerebral disease.15–17 This
hypothesis stresses the bidirectionality of the association betweenTable 2
Clinical and demographic data of patients with temporal lobe epilepsy and mesial tem
Clinical/demographic data Engel IA 
Number of patients (%) 56 (48.7) 
Age at surgery (mean  SD) 35.8  9.6 
Female gender (%) 28 (50.0) 
Age at epilepsy onset (mean  SD) 10.8  9.2 
Years of epilepsy at surgery (mean  SD) 23.9  12.3 
Lifetime psychiatric treatment (%) 13 (23.2) 
Family history of epilepsy (%) 12 (24.5) 
Family history of psychiatric disorders (%) 6 (10.7) 
Presence of febrile seizures (%) 10 (17.8) 
Presence of left-sided MTS (%) 31 (55.3) 
Presence of pre-surgical PD (%) 13 (23.2) 
Presence of post-surgical PD (%) 11 (22.4) 
Asymmetric background EEG activity (%) 7 (12.5) 
Contralateral slow waves on EEG (%) 13 (23.2) 
Contralateral sharp waves on EEG (%) 15 (26.7) 
MTS: mesial temporal sclerosis; SD: standard deviation; PD: psychiatric disorders; EEG
* p < 0.05.depression and postoperative seizure status.15–17,26 In keeping
with this, the majority of case series have reported an association
between the absence of post-surgical PD and better surgical
outcome.23–27
In the present study, a statistically signiﬁcant association
between the absence of pre-surgical PD and a favorable post-
surgical seizure outcome was found. In addition, the pre-surgical
diagnosis of MDD was associated with a higher risk of a worse
seizure outcome in the logistic regression model. These ﬁndings
are concordant with recent data from other studies and support the
current hypothesis regarding the association between pre-surgical
PD and seizure outcome.15–17 In accordance with the current
literature, the presence of epileptiform discharges contralateral to
the epileptogenic zone, as well as asymmetric background activity
on pre-surgical EEG, have been considered risk factors for a worse
seizure and psychiatric post-surgical outcome, while the presence
of interictal discharges exclusively ipsilateral to the epileptogenic
zone has been considered to be a protective factor against the
appearance of post-surgical PD.14,16,26 In this study, the presence of
a background EEG asymmetry, which has been considered to be a
possible predictor of a more diffuse cerebral disease, appeared as a
risk factor associated with an unfavorable seizure outcome.14,16,26
There are important limitations of the present study. We could
not evaluate the prevalence of other PDs not covered by the
diagnostic criteria utilized in this study (DSM-IV and ILAE), such as
attention-deﬁcit hyperactivity disorder (ADHD), which is often
observed among patients with epilepsy.28 Moreover, because only
categorical criteria were utilized and no dimensional instruments
were applied, we could not assess the impact of CAH on the
psychiatric symptoms of those patients with a pre-surgical PD that
persisted after surgery. Furthermore, because the study focused on
Axis I PDs, we did not evaluate the impact of CAH on personality
disorders (Axis II PDs). Due to incomplete and/or unreliable data,poral sclerosis submitted to anterior temporal lobectomy.
Non-Engel IA p
59 (51.3) –
36.7  10.1 0.82
37 (62.7) 0.43
9.1  7.4 0.38
24.1  11.8 0.62
18 (30.5) 0.71
24 (36.4) 0.22
12 (20.3) 0.12
15 (25.4) 0.26
44 (74.5) 0.32
37 (62.7) 0.002*
20 (30.3) 0.40
24 (40.6) 0.003*
17 (28.8) 0.89
19 (32.2) 0.48
: electroencephalogram.
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surgical seizure frequency and seizure outcomes after surgery.
Finally, our ﬁndings are based on a relatively small number of
patients and a relatively short follow-up period. However, our
ﬁndings are concordant with the previous literature and are based
on a relatively homogeneous population of TLE–MTS patients.
To conclude, the psychiatric issues that need to be considered in
surgical candidates are complex and include the risk of developing
post-surgical PDs and poorer post-surgical seizure outcome.15–17
In view of the relatively high psychiatric comorbidity observed in
surgical candidates and its potential negative impact on post-
surgical seizure outcomes, patients with TLE–MTS require careful
pre- and post-surgical psychiatric evaluation.15–17 As many
questions remain, further prospective studies with longer fol-
low-up periods are required.18
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